In studies of the evolution of avian flight there has been a singular preoccupation with unravelling its origin. By contrast, the complex changes in morphology that occurred between the earliest form of avian flapping flight and the emergence of the flight capabilities of extant birds remain comparatively little explored. Any such work has been limited by a comparative paucity of fossils illuminating bird evolution near the origin of the clade of extant Formation of Liaoning Province, in north-eastern China, arguably the best-preserved basal ornithurine specimen yet discovered, provides the earliest evidence consistent with the presence of extant avian tail feather fanning.
Introduction

The morphology of Yixianornis grabaui (Zhou and Zhang, 2001) Skull
The skull is preserved in ventral view (Fig. 3) . The premaxillae comprise less than half the facial margin. They are fused anteriorly, and posteriorly there is an open suture between their frontal (or, plesiomorphically, nasal) processes. Large nutrient foramina dot the anterior premaxillae. Each posterior premaxilla bears four closely spaced teeth, and the anterior third of the extent of the premaxillae along the facial margin is edentulous and pocked with foramina (Table 1, Fig. 3 ).
The maxillary process of the right premaxilla tapers slightly posteriorly toward its articulation with the maxilla. The posterior ends of the frontal processes of the premaxillae are not visible, overlain by other skull elements. However, the frontals bear facets for the articulation of these processes, and the remnants of the processes themselves lie in this facet. Just posterior to the facet, a thin sheet of bone is seen in cross-section between the frontals and is interpreted as the remains of the mesethmoid (Fig. 3) . The maxillae are displaced and largely covered by other skull elements. A portion of the left maxilla is slightly exposed between the frontal premaxillary processes and the right dentary.
However, no teeth are visibly associated with it. The left nasal is a broad quadrangular element overlying these processes (Fig. 3) .
The mandible is narrow anteriorly and quite delicate overall. The medial mandibular process is very well developed. The dentary is strongly forked posteriorly.
Four large mental foramina are visible in a shallow groove near the dorsal margin of this dentary; a fifth large foramen is preserved just anteroventral to these other four (Fig. 3) . Small nutrient foramina also lie in a line at the lateroventral edges of the symphysial area.
The premaxillary teeth are socketed. One isolated tooth appears to be associated with the right dentary.
Whether the dentary teeth lay in a groove (e.g. as in
Hesperornis; Marsh, 1880) or distinct sockets (e.g.
Ichthyornis dispar;
Marsh, 1880; Clarke, 2004), however, cannot be determined. The dentulous portion of the dentary extended for approximately one-third of the total mandible length and thus was comparatively short. Individual tooth morphology is well preserved in two complete displaced teeth that are exposed next to the left dentary and between the right dentary and the right premaxilla. The tooth crown is unserrated and relatively short and peg-like in morphology. It is slightly constricted at its base, and the crown tip is only slightly deflected (Fig. 3) . The tooth crown is less compressed mediolaterally than in Ichthyornis dispar (e.g. Marsh, The jugals, visible on both sides of the specimen, are narrow rod-like elements that lacked an ascending process. The otic process of the right quadrate is visible, and there does not appear to be an incisure separating the capitula. The parasphenoid rostrum, basisphenoid plate and occipital condyle are exposed but badly crushed.
The basicranial pterygoid articulations are relatively unprojected facets (Fig. 3) . One foramen anterolateral to the occipital condyle on the right side of the skull is tentatively identified as that of n. hypoglossi (XII).
A displaced ring of scleral ossicles is preserved near the right side of the skull. The inner margins of the ossicles are deflected, making their exposed lateral surface slightly concave.
Vertebral column, ribs and gastralia
The complete vertebral series is preserved in articulation with the exception of several anterior caudal vertebrae (Fig. 2) . Twenty-two presacral vertebrae are present. The atlas is preserved in articulation with the odontoid process of the axis (Fig. 3) . Twelve vertebrae are anterior to the first with an associated elongate free rib. Transverse foramina partially enclosed by fused ribs are best exposed in the third to seventh vertebrae. Mid-series cervical vertebrae have well-arched post-zygopophyses. The centra of the twelfth vertebra is short and has a blade-like hypapophysis similar to that developed on the eleventh, whereas a more diminutive hypapophysis is developed on the tenth.
Evaluation of cervical centra articulations across
Avialae is problematic (Clarke, 2004 ). It appears that whereas some anterior cervical vertebrae may have a degree of heterocoely or 'incipient' heterocoely, the posterior cervicals are best described as completely amphyplatous.
Large lateral excavations are present in presacral 
1999
). Elongate slender uncinate processes cross two ribs (Fig. 4) . The proximal ends of these processes are expanded and blocky. It is unclear whether these processes were fused to the ribs.
Pectoral girdle and limb
The sternum is exposed in left lateral view ( The pisiform process is connected by a ridge to proximal metacarpal III where a tubercle is developed.
Phalanx I.1 is bowed and extremely elongate ( 
Pelvic girdle and limb
The pelvic bones are fused; the ilium and ischium are visibly ankylosed on the right side, and the ischium and pubis on the left ( dorsal process is developed that is similar in shape, size and distal position to that developed in Ichthyornis (Marsh, 1880). A small flange projects off the ventral margin of the ischium (Fig. 5) . The pubes are elongate, relatively robust elements that are ovoid in crosssection rather than compressed mediolaterally. They would have contacted posteriorly in a short symphysis (Fig. 5) . The symphysial area of the right pubis is preserved with an abraded tip. Their distal terminus would not have been expanded into a boot.
The femora are exposed in lateral view (Fig. 5) . They are only slightly bowed and longer than the tarsometatarsi.
Their greater and lesser trochanters are fused to form a trochanteric crest. A small fibular trochlea is developed.
From the conformation of the incompletely exposed distal end, a patellar groove is not inferred to be present. The proximal tarsals are fused to the tibia. The left tibiotarsus is exposed in lateral view, and the fibula is visible lying along its proximal surface ( The tail feathers are slightly graduated, the outermost being shorter than the inner ( Fig. 9 ; Table 1 ).
However, the shortest feather is also the most ventrally situated with respect to the orientation of the pygostyle, and at least four rectrices approximate the longest measured in length, suggesting that the tail may be considered to be rounded by some definitions (see Fitzpatrick, 1999). The tail is just over three times the tarsometatarsus length and approaches, but is slightly shorter than, the body length (from the set of four most elongate rectrices; Table 1 ).
Five elongate primary feathers (remiges) are associated with the distal right wing, and the remains of six are associated with the left (Fig. 2) . The primary feathers associated with the right wing are broad and asymmetrically vaned. They have correspondingly broad, rounded tips that do not taper distally and are unnotched (Fig. 2) . The distal-most primary is slightly shorter than that just proximal to it ( Fig. 2 
Phylogenetic analyses
We investigated the phylogenetic position of Yixianornis, Yanornis and Songlingornis using a dataset modi- replicates), is supported by four unambiguously optimized synapomorphies (Fig. 10 caption) including the presence of a sternal fenestra (Fig. 10 inset Gatesy & Dial, 1996a), may or may not be so correlated.
Here we bring to bear evidence from recent fossil discoveries for variation in the morphologies of the pygostyle and tail feathering further to explore evolution of the locomotor function of the tail seen in living birds.
We find that the hypothesis that any fused distal caudal vertebrae (commonly called a pygostyle wherever present in Theropoda) correlates with the presence of a bulbi rectricium and tail fanning (e.g. Baumel, 1988) is not supported by available evidence. By contrast, the ploughshare-shaped morphology first seen in Yixianornis and other basal ornithurines may be so cor- In Archaeopteryx an elongate, feathered tail is present (Fig. 10, inset) . In Sapeornis distal caudal vertebrae fuse to form a mediolaterally broad and peg-like pygostyle, but no feathers are known ( Fig. 10, We suggest that the two tail feathers in these basal taxa may be homologues of the two attaching to the pygostyle in living birds (Baumel, 1988; Gatesy & Dial, 1996b , and citations therein). These two feathers might 6 Tooth crown serration: (0) present, (1) vestigial or absent.
7 Dentaries: (0) joined proximally by ligaments, (1) joined by bone. 62 Sacral vertebrae, number ankylosed: (0) less than 7,
(1) 7, (2) 8, (3) 9, (4) 10, (5) 11 or more, (6) 15 or more (Chiappe, 1996) (Ordered).
63 Sacral vertebrae, series of short vertebrae, with dorsally directed parapophyses just anterior to the acetabulum: (0) absent; (1) present, three such vertebrae;
(2) present, four such vertebrae (Ordered).
64 Free caudal vertebrae, number: (0) more than 8, (1) 8 or less. 
